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Introduction
The following analysis provides estimations of feasible renewable energy source (RES) deployment, and in particular for development of electricity from renewable energy sources (RES-E) in Turkey, the Western Balkans and North Africa. From these results, the potential for cooperation in renewables production between the countries and the European Union (EU) is assessed and evaluated, in a mid-(2030) and long-term (up to 2040) perspective.
The framework for this assessment is provided by the IEE project BETTER. The authors hereby gratefully acknowledge the funding received by this project. The authors furthermore want to thank all further members of the BETTER consortium for their invaluable inputs.
The current issue and full text archive of this journal is available on Emerald Insight at: www.emeraldinsight.com/1750-6220.htm
RES cooperation
The EU has taken a strong commitment towards renewables. In the 2020 context, EU Directive 2009/28/EC -the directive on the promotion of the use of energy from renewable sources (RES Directive) -defines the regulatory framework at EU level, establishing among others binding targets for the use of RES at Member State level. By 2020, the attainment of individual national RES targets would make up a 20 per cent RES share in gross final energy demand at EU level. By 2030, the binding RES share has to increase further, aiming for at least 27 per cent renewables in gross final energy demand (EUCO, 2014) . However, the 2030 RES target has so far been set only overalli.e. at EU level, so no individually binding obligations at Member State level have been established.
Article 9 of EU Directive 2009/28/EC regulates the cooperation of EU Member States and third countries in the respect that the Member States can enter joint projects with third countries "regarding the production of electricity from renewable energy sources" (EU, 2009) . Specifically, this allows EU Member States to produce a certain share of the renewable energy to reach their national 2020 RES target in another country. Especially for countries that are currently behind their targets, importing RES-E with a high resource quality could be beneficial. Cooperation on renewables in general can also contribute to the promotion and further development of low carbon technologies for the EU and its neighbouring countries -and thus be an important step towards a sustainable energy system in the long term.
The framework for this assessment is provided by the Intelligent Energy Europe (IEE) project BETTER [1] . This project addresses RES cooperation between the EU and its neighbours in several dimensions. The starting point is given through the cooperation mechanisms provided by the RES Directive as discussed above. This paper focuses on medium (2030) and long-term (up to 2040) prospects for cooperation. Related short-term activities are nevertheless a necessity on the way forward and may also provide a valuable contribution to European 2020 energy and climate goals.
Quantitative assessments have been undertaken on the extent to which RES cooperation can create mutual benefits, identifying costs and benefits for both sides but in particular with respect to RES target achievement at EU level, with a specific focus at 2030. The potentials for RES generation in Turkey, North Africa and the Western Balkans are calculated under different policy pathways and taking into account different levels of economic and non-economic barriers that could occur. The overarching integrated assessment provides valuable policy implications for future cooperation between the EU28 Member States and their neighbouring countries.
Literature review
The literature on RES cooperation comprises different future development scenarios with varying geographical focus. There is also a branch of literature that focuses on the design of the cooperation mechanisms and their most efficient implementations. As a starting point, official EU publications are summarised, putting RES cooperation into the wider EU legal framework and thus providing a good introduction into the overall topic of RES target achievement.
In its renewable energy progress report from 2013, the European Commission (EC) has assessed the future of RES deployment from the EU perspective, focusing on fulfilment of targets for 2020 and beyond as well as potential shortfalls within the EU and its Member States. The report presents that the legally binding renewable energy IJESM 10,3 targets led to a strong growth of the overall RES share at EU level. The data analysis for the EU as a whole indicates positive results towards achieving the 2020 targets. Some Member States nevertheless need to undertake additional efforts. Failure to comply with national plans seems to be evident for certain technologies and at the aggregated level in several countries (European Commission for Energy, 2013).
The impact assessment by the EC for a policy framework on climate and energy in the period from 2020 up to 2030 complements this report with the medium-time perspective: This analysis builds on modelling activities done by use of the PRIMES model [2] . A broad set of scenarios aim to indicate the impact of assessed overall energy and climate policy options on the way forward (i.e. post-2020, with particular focus on 2030). In contrast to them, the following results have been derived for RES implementation in the EU context. An overall 2030 renewables share (in gross final energy consumption) in the range of 24.4 to 34.5 per cent appears feasible. This largely depends on the policy framework implemented, in particular the underlying "enabling conditions" (European Commission for Energy, 2013).
The longer-term perspective up to 2050 has been previously assessed in the EC's Energy Roadmap 2050 (European Commission for Energy, 2011). As a "broad policy document without having the ambition of defining individual policy measures", the analysis presents an extensive picture and contrasts different possible scenarios and their respective challenges and barriers without proposing solutions to all of them. The model results again draw on PRIMES among other modelling tools. The roadmap declares renewable energies as one of the central pillars of the European Decarbonisation Strategy and estimates scenarios containing at least 55 and up to 75 per cent RES by 2050, again expressed as share in gross final energy consumption.
In a paper on design options for cooperation mechanisms, Klessmann et al. (2010) discuss (dis-) advantages of three different cooperation mechanisms, namely, joint projects, statistical transfers of electricity and joint support schemes. Overall, the authors state that all three options are feasible and may contribute to RES target fulfilment and to increase the RES share at EU level, respectively. They recommend implementing long-term contracts for statistical transfers and to ensure flexibility, transparency and a more efficient procedure to increase the benefits from joint projects and joint support schemes.
Klinge Jacobsen et al. (2014) report that cooperation in RES can be beneficial for EU Member States. They conclude from their analysis that renewable electricity potentials and costs vary considerably among EU countries. After taking these variations into account and furthermore considering differences in power market structure and price levels, the potential effects of cooperation on reaching the 2020 RES targets are of considerable size. At the same time, the authors also mention substantial barriers to cooperation. The main barrier is the uncertainty towards long-term targets for RES beyond 2020 at country level. Whereas, meanwhile, a 2030 EU target for RES exists, it is still not established in a binding manner at country level. This reduces the incentive to apply cooperation mechanisms, as possibly not all Member States will choose to contribute to the overall target with a comparable share. Kitzing et al. (2012) also discuss RES cooperation at EU level but from a broader perspective. Their paper analyses the question whether harmonisation of EU Member State policies is taking place or if Member States are diverging in their support of renewables instead. They outline cooperation as a possible future trend in EU support
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policies. The impact of cooperation on convergence between Member States' policies nevertheless needs to be assessed further. Klessmann et al. (2014) further published several reports on the EU cooperation mechanism in the framework of the project on RES cooperation mechanisms conducted for the EC. They express the need to provide guidance and specific design options to Member States and in that respect conduct specific case studies analysing concrete examples for cooperating in hypothetic country cases. This project yielded important results especially concerning implementation and practical feasibility of the concept of RES cooperation. Even though the examples assessed concern cooperation among Member States and do not involve third countries the results of the study provide valuable recommendations for the practical realisation of cooperation projects.
An important study with focus on RES cooperation in an extended geographical context is "Desert Power: getting started". This study has been executed by the Desertec Industry Initiative (DII) and evaluates the possibilities for expanding solar and wind power in the Middle East and North Africa (MENA) region for local use as well as for export to Europe (DII, 2013) . It addresses the regulatory framework, transmission regulation, wind and solar potentials and their generation cost as well as other coinciding effects. The quantitative part of the analysis focuses on the techno-economic optimisation of the power system with a simulation of solar and wind technology diffusion. The report highlights that cooperation in renewables would be beneficial in various respects. Results indicate a potential of 86.7 TWh to be produced in the MENA region in 2021. This amount increases to 301.4 TWh in 2030 and 1,743.2 TWh in 2050 and is made up by a balanced portfolio of solar energy [concentrated solar power (CSP) and photovoltaics (PV)] and wind energy. The technical dimension is crucial for this potential to be realised: building and extending grids is essential.
A study by Deutsches Institut für Luft und Raumfahrt (DLR) from 2009 assesses "Potential, Infrastructure and Cost of Solar Electricity Import Corridors from MENA to Europe". This study is a result of the EU project "Risk of Energy Availability: Common Corridors for Europe Supply Security (REACCESS)". It focuses on CSP potentials and concludes that CSP potential of 537,680 TWh/y exists in the MENA region, and that this could be exploited in the long term (by 2050). Thus, this represents a large potential for export, assuming that political and technical barriers would be mitigated in time (DLR, 2009) . Another study by Trieb et al. (2012) analyses possible solar electricity import corridors from MENA to Europe and Turkey. The study is also based on the technical assessment of solar energy potentials in the MENA countries. The authors estimate that a total technical solar power generation potential of 538,000 TWh/yr implies that less than 0.2 per cent of the land suitable for CSP plants would be enough to supply 15 per cent of the electricity demand expected in Europe in the year 2050. Komendantova et al. (2012) specifically look into the risks associated with this form of cooperation. Conducting stakeholder interviews, the authors found out that regulatory, political and "force majeure" risks (such as terrorism) are perceived and feared by potential cooperation partners, and that regulatory issues are standing out as the most likely and consequential of the three categories. The authors thus recommend policies explicitly addressing these issues to foster cooperation. Nevertheless, recent developments have shown that nowadays probably terrorism could be the central impediment to cooperation with certain (especially MENA) countries.
Methodology
Theory: cooperation in general
Support policies that aim to achieve certain targets should be designed in a way to assure effectiveness and efficiency. Effectiveness relates to target achievement and efficiency (or cost-effectiveness) means that the target should be achieved at minimal costs. The EC has defined country-specific targets in Directive 2009/28/EC for the RES share in gross final energy consumption by 2020. The targets have been defined by making use of a specific burden-sharing approach, which did not consider national deployment costs and available potentials of renewable energy. However, on the one hand, costs and potentials significantly vary among Member States, and, on the other hand, it is the aim of the EU to achieve the total RES share in a cost-efficient way. From this perspective, it becomes clear that RES should be installed in places with the cheapest available potentials until the EU-wide target is achieved.
Member States should thus negotiate on buying or selling surplus RES generation, leading their national RES shares to deviate from their target -in a way that each surplus is balanced by a corresponding deficit. Figure 1 presents the general concept of how involved partners can benefit from RES cooperation between countries, for the example of two countries with distinct RES deployment costs.
Specifically, it can be seen how the gain in total welfare depends on the potentials (x) that exist in the different countries and on the respective costs (c) for RES deployment. How this welfare is distributed then depends on negotiations (implied by the red line).
The cost curve of Country 2 has been mirrored along the x-axis (cost) and shifted along the y-axis (potential) in a way that the starting point is positioned at the sum of both country targets (x 1 ϩ x 2 ). By doing so, the point at which both countries would reach their target exactly overlaps. The target of Country 1 counts from the left side and the target of Country 2 from the right side of the graph. For this example, the targets of both countries were assumed to be equal (x 1 ϭ x 2 ); however, the slopes of the cost curves have been set differently. At the point x 1 ϭ x 2 , both countries would reach their target. It can be seen that in this case because of the different slopes of the deployment cost curves a cost difference occurs. If the countries were to negotiate, it would be beneficial for country 1 to deploy less renewables and to give a certain share of its thus additionally 
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RES cooperation available monetary resources to country 2, which would in turn deploy more. This can be continued up to point x*, where the marginal deployment costs of both countries are equal. The area between the cost curves depicts the total gain in welfare. How this welfare is then distributed among the partners is subject to negotiation and among others depends on the additional country-specific costs and benefits associated with RES deployment, which are not incorporated in the deployment cost curves.
This theoretical concept depicts how a case for RES cooperation occurs through differences in cost structures and available potentials between countries. Additional deployment of RES in one country can be beneficially (partly) exported and add on to the RES share of the other country via cooperation. The concept has been demonstrated via a static approach and only for two countries. In practice, on the one hand, one would have to consider dynamic effects (e.g. cost reductions of the deployment cost over time and maximum diffusion rates of deployment) as they play a crucial role in the cost-efficient and effective target achievement pathway of a certain country. On the other hand, all involved countries would have to enter into bi-or multilateral, sequential or parallel negotiations, respectively. All these aspects significantly complicate the above described concept and need to be considered when looking into practical implementations of RES cooperation.
Method of approach for the model-based assessment
The methodology of the integrated assessment in the BETTER project consists of different dimensions. While grid and transmission potentials and limitations are evaluated from a technical perspective in a power-system analysis, the complementary techno-economical dimension is represented by feasibility studies taking into account different policy pathways. Concretely, a quantitative assessment of potentials for cooperation from the bottom-up (i.e. from the perspective of the targeted EU neighbouring country/region) as well as from the integrated (top-down) perspective was executed by application of the Green-X model. In addition, technical feasibility has been assessed by application of the high resolution power system (HiREPS) model -a dynamic power system simulation and optimisation model suitable for assessing the technical feasibility of integrating high shares of (variable) renewables into the power system. In the following model description, the focus lies on the Green-X model, as it underlies the results presented within this paper. The graph included (Figure 2 ) shows however the intersection points of both models.
Model description.
Green-X is an energy system model that offers a detailed representation of RES potentials and related technologies in Europe and in the analysed neighbouring countries. It aims at indicating consequences of RES policy choices in a real-world energy policy context. The model simulates technology-specific RES deployment by country on a yearly basis, in the time span up to 2050, taking into account the impact of dedicated support schemes as well as economic and non-economic framework conditions (e.g. regulatory and societal constraints). This allows conducting in-depth analyses of future RES deployment and corresponding costs, expenditures and benefits arising from the preconditioned policy choices on country, sector and technology level. Figure 2 gives an overview on the interplay of the Green-X and the HiREPS model. Both models were operated with the same set of general input parameters, however in different spatial and temporal resolution. Green-X delivers a first picture of renewables IJESM 10,3 deployment and related costs, expenditures and benefits by country on a yearly basis (2010 to 2040). The output of Green-X in terms of country-and technology-specific RES capacities and generation in the electricity sector for selected years (2030, 2040) served as input for the power-system analysis done with HiREPS. Subsequently, the HiREPS model analysed the interplay between supply, demand and storage in the electricity sector on an hourly basis for the given years. The output of HiREPS was then fed back into the RES investment model Green-X. In particular, the feedback comprised the amount of RES that can be integrated into the grids, the electricity prices and corresponding market revenues (i.e. market values of the produced electricity of variable and dispatchable RES-E) of all assessed RES-E technologies for each analysed country.
3.2 1.1 Overview of key parameters. To ensure maximum consistency with existing EU scenarios and projections, various input parameters of the renewable scenarios conducted with Green-X and HiREPS were derived from PRIMES modelling. More precisely, the PRIMES scenario used was the PRIMES reference scenario as of 2013 (EC, 2013b) . The main data source for RES-specific parameters was the Green-X databasethis concerns for example information on the status quo of RES deployment, future RES potentials and related costs as well as other country-specific parameters concerning non-economic barriers that limit an accelerated uptake of RES. Moreover, the policy framework for RES was specifically defined for this assessment. Energy demand developments for Turkey, Western Balkans and North Africa as well as assumptions on the conventional supply portfolio and on related reference conversion efficiencies and carbon intensities have been derived within this project as part of the bottom-up case study works by region, while for EU countries, the PRIMES reference scenario serves as basis. Table I provides a concise overview on which parameters were based on PRIMES or on the Green-X database and which have been defined for this assessment.
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Scenarios assessed.
The scenarios analysed in the bottom-up assessment, for Turkey and the Western Balkans, combine two different characteristics:
(1) different ambition levels for RES deployment in 2030 in particular; and (2) different support policies for renewables from 2020 onwards.
With respect to the underlying policy concepts, the following assumptions are taken for the assessed policy paths:
• The "Business as Usual (BAU)" scenario represents unchanged national policies and efforts for implementation of RES. The scenario can be varied by whether different (non-economic) barriers remain in the countries or if they are mitigated over time.
• Alternative policy paths follow the concept of "Strengthened National Policies (SNP)" where a continuation of the current policy framework with national RES targets (for 2030 and beyond) is assumed. In general, this implies for each country to use national support schemes to meet its own target, complemented by RES cooperation between Member States (and with the EU's neighbours) in the case of insufficient or comparatively expensive domestic renewable sources.
The integrated assessment identifies opportunities for RES cooperation considering supply and demand for doing so across the whole enlarged geographical region. Large-scale cooperation scenarios are assessed in the mid-(2030) and long-term (2040) perspective, geographically including the 28 EU Member States as well as the Western Balkan region, Turkey and North Africa. An overview on assessed scenarios of the integrated assessment is given in Table I below. The level of ambition concerning future RES expansion, in particular the envisaged 2030 RES target at EU and Energy Community (EC) level, stands in focus. It is complemented by sensitivity analyses related to specifics of the targeted regions on their ways forward.
Three distinct RES pathways were assumed for 2030 (and beyond), one following a strong RES target for 2030 (i.e. 32.5 per cent as RES share in gross final energy demand at EU level), one aiming for a moderate 2030 RES target (i.e. 30.0 per cent), and one reflecting the current policy thinking, aiming for a 2030 RES share of 27 per cent. Then, different policy cases were assessed for achieving these targets, all assuming full RES cooperation within certain system boundaries. The following key scenarios were thus distinguishable:
• EU-only cases: RES cooperation only within the EU, domestic RES target fulfilment within neighbouring countries; and • EU-plus cases: these scenarios assume full RES cooperation across the EU as well as all three case regions (North Africa, Western Balkans and Turkey).
To fully understand the use of policy instruments and RES targets in this model, the following aspects have to be kept in mind:
• The overall modelling of future RES developments in the EU and its neighbouring countries is done for all energy sectors (i.e. electricity, heating and cooling and biofuels in transport) [3] . Detailed assessment of cross-border RES cooperation in the mid (2030) to long term (2040) is limited to the electricity sector.
• A support scheme harmonised across all assessed countries is assumed for RES in the electricity sector that does not differentiate between different technologies. The marginal technology to meet the given RES targets sets the price for the overall portfolio of RES technologies in the electricity sector. The policy costs occurring in the quota system can be calculated as the certificate price multiplied by the RES generation under the quota system. • First, the EU only cases are created, in which RES-E trade is assumed to take place among the EU Member States and within the EU boundaries only. Sector-specific targets (for RES-E within the trading regime and for biofuels in transport where physical trade is common practice already today to meet national blending obligations) [4] and financial incentives for RES in heating and cooling are modified until targeted volumes of overall RES deployment (i.e. overall 2030 RES shares in gross final energy demand) are met at EU level.
• For all further scenarios that include cooperation, similar RES-E targets to those at EU level are assumed to be applied in the EC, and in particular in our analysed EC Contracting Parties (i.e. the Western Balkans). Virtual exchange is then the EU plus form of cooperation between and within the EU and the EC[5].
• For Turkey a sensitivity variant assesses the impact of whether accession to the EC or respectively the EU takes place or not. The assumption is taken that only a low target is followed by Turkey related to its mid-to long-term ambition concerning domestic RES use. This leaves room for further RES-E exports to the EU. Under these circumstances physical renewable electricity export is then however assumed to be a necessity.
• A different approach is followed for the North African countries. In the sensitivity case CSP is transferred via High Voltage Direct Current (HVDC) lines directly to centres of Europe. This implies consequently a less strong expansion of the "conventional" transmission and distribution grid in North Africa as well as to Southern Europe, and may therefore lead to a delayed expansion of wind and PV (that appear less viable for HVDC transfer due to their variability) [6] .
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After modelling these quite diverging country and cooperation scenarios, the following cooperation possibilities for RES-E resulted.
Results
We start by taking a closer look at the expected region-specific (i.e. EU28, Western Balkans, Turkey, North Africa) generation of renewable electricity. Figure 3 depicts electricity generation from renewable sources in absolute values (TWh) for the scenarios described beforehand. Figure 4 displays values for the resulting RES-E imports (Ϫ) and exports (ϩ) that result from the generation in the different scenarios.
In the EU, unsurprisingly, generation of RES electricity is higher when cross-border RES cooperation is limited to EU Member States. Compared to the EU only scenario, full RES cooperation with the EU's neighbours would lead to a decline of renewable electricity generation within the EU28.
In the Western Balkans, RES-E deployment in the EU plus (full cooperation) and the non-cooperation (EU only) case is largely dependent on the respective targets assumed. Under a weak future RES target the Western Balkan countries offer attractive opportunities for RES investments only in the short to mid-term. Other neighbours, in particular North African countries, offer a more viable long-term perspective. In the moderate and strong RES-target case nevertheless, between 2030 and 2040, RES-E The integrated assessment estimates for Turkey for the period up to 2030 all lie within the range of the bottom-up assessment. The paths for the following decade up to 2040 follow a pattern comparable to that of the Western Balkans: RES-E generation is continuously higher in the full cooperation case when strong and moderate targets are assumed, compared to no cooperation. In the case of a weak target, more RES-E generation would take place in the EU only scenario, compared to the cooperation scenario.
For North Africa, the values determined by the integrated assessment have been compared to the results of two studies on RES potential by DII (2013); DLR (2009), respectively. Whereas for 2020, the results of the integrated assessment exhibit substantially smaller amounts of RES-E generation compared to these studies, the medium term perspective is quite similar: Assuming a moderate target for RES-E deployment leads to a scenario that is slightly lower but follows the same path as the most ambitious target. A striking difference compared to the Western Balkans and 
Notes:
All scenarios assume full RES cooperation between the EU and its neighbours Virtual vs. physical trade of renewable electricity: -For West Balkans virtual trade is assumed in all (default and) sensitivity scenarios -For Turkey virtual trade is the default option, only in the sensitivitey case related to Turkey physical trade is presumed (since physical renewable electricity export would be a necessity if no accession of Turkey to the EU would take place. -For North Africa physical trade is assumed in all (default and) sensitivity scenarios 
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Turkey can be seen in the EU only scenarios. If no cooperation occurs with EU28 member countries, all EU only scenarios induce roughly the same generation of RES-E in North Africa, independent of the target assumed. This is however not surprising since all EU only scenarios reflect domestic demand driven by national RES-E support within the assessed region and domestic policy is independent from the targets chosen at EU/EC level.
To sum up the findings, the results from the different assessments indicate how cooperation with EU28 Member States can incentivise RES deployment and in that respect RES-E generation in the EU's neighbouring countries. How these different levels of RES deployment would be used, i.e. which share would be used domestically or be available for export is presented in the following.
RES cooperation scenarios
The following figures elaborate on how different levels of RES generation could be exchanged by 2030, dependent on whether the EU implements strong, moderate or weak targets for RES generation. Note that all this builds on the assumption that a joint market is established for RES in the electricity sector, allowing full RES cooperation across the EU and its assessed neighbouring countries in the period post 2020. As can be seen in Figure 5 (a), the amount imported by the EU depends strongly on whether a strong, moderate or weak target for RES deployment is set. In Turkey, a weak RES target would even imply importing RES as opposed to exporting it in a strong or moderate RES target framework.
Expressed in absolute terms, the EU would import 296 TWh in 2030 under a strong RES target whereas under a weak target merely 117 TWh would be imported from third countries for cost-effective target fulfilment. Turkey would (virtually) export roughly 70 TWh under a strong target, whereas it would (virtually) import in a weak target scenario. The Western Balkan states exhibit less distinct scenarios. A strong target leads to the virtual export of around 10 TWh whereas the countries remain exporters under a weak target. A strong target leads North Africa to physically export double the amount of the weak RES target case.
Figure 5(b) shows sensitivity variants to the EU plus case (of full RES cooperation between the EU and its neighbours) and an underlying moderate RES target. The green bar depicts the amount of RES-E import or export as in the left hand side chart. The red bar depicts the sensitivity variant related to Turkey's national policy foreseeing a low ambition RES deployment target by 2030 and beyond. The underlying assumption, as described earlier in more detail is that Turkey does not become a member of the EU or EC and consequently does not align its mid-to long-term ambition concerning domestic RES deployment to that of the community. RES-E generated would consequently only be needed to a minor extent for domestic RES target fulfilment, and the large remainder could then be physically exported. The third bar represents a sensitivity variant for North Africa in which electricity from CSP is transferred via High Voltage Direct Current (HVDC) lines to centres of Europe. This may consequently lead to a delayed expansion of the EU plus transmission and distribution grid in North Africa including the interconnections with Europe. As a consequence the future development of wind and PV in North Africa (that appear less viable for HVDC transfer due to their variability) would then be limited to a larger extent.
As expected, exports from Turkey increase when their domestic target for RES deployment is less ambitious. In the same scenario, the Western Balkan region and North Africa decrease their exports, to compensate for this strong rise. The sensitivity variant for North Africa, in which a delay in the expansion of wind and PV occurs (as the transfer lines are constructed for a CSP dominated renewables deployment), leads to a slightly lower export potential. Figure 6 shows the share that these exports have in the gross electricity demand of the respective countries and regions. Again, on the left hand side of that chart the three EU plus cases are shown, assuming a strong, moderate and weak target for RES deployment in the EU and the EC. Furthermore, on the right hand side of the chart percentage shares are presented, as above, for the different sensitivity variants analysed -exemplary for the case of a moderate EU target for RES deployment.
In relative terms, as can be seen in Figure 6 (a), this would mean that for EU28 Member States RES imported would be in the range of 3.2-8.1 per cent of gross electricity demand in 2030. As stated previously, Turkey could be a net importer in a weak RES target scenario. The Western Balkan region is predicted to be a net exporter in all scenarios, and exports range from 6.8 to 10.3 per cent of the region's gross electricity 
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demand. For North Africa, the potential RES-E share for physical export in 2030 lies between 17.5 and 32.8 per cent depending on the respective target for RES deployment.
The sensitivity variants exhibit the following pattern: the EU28 Member States import on average 6.2 per cent of their gross electricity demand in 2030. This share increases to 7.2 per cent if low ambition in the Turkish national policy on RES deployment is assumed and if Turkey's RES-E exports consequently increase. For Turkey itself, a less ambitious domestic target for RES deployment has an even larger impact on gross electricity demand in relative terms. This in turn induces a relative decline in the exports from the Western Balkan and North Africa. The sensitivity variant that implies a substantial expansion of CSP in North Africa and the associated transfer lines leads to lower exports of RES-E as a share of gross electricity demand in 2030. In comparison to the EU plus case with a moderate target, the share falls by roughly 6 percentage points. The share imported by the EU28 Member States also decreases. Turkey and the Western Balkans exhibit increased export shares to partly compensate for the lower exports from Northern Africa. 
Cost perspective
To enable conclusions on the economic feasibility of the different levels of RES deployment, impacts have to be quantified and expressed in economic terms. Figure 7 shows in which ways the certificate price could evolve given different RES cooperation scenarios. One can see that with a moderate RES target in the case of full RES cooperation across all assessed regions, considerable savings are possible. Comparing the EU only cases (EU28 Member State cooperation only) to the full cooperation scenarios (Figure 7(a) ), one can observe substantial differences. In the case of restricted cooperation (where only EU countries cooperate), certificate prices are predicted to be substantially higher.
This certificate price would fall substantially in 2030 and would be even lower in 2040 in the EU plus cooperation scenario. In the case of a weak target for RES deployment, the scenario results in even more extreme values. Monetary benefits for North Africa, the Western Balkans and Turkey from cooperation within the RES-E trading regime are thus obvious. Figure 7 (b) displays certificate price developments in the same period of time for the assessed sensitivity variants. Assuming a moderate target for RES deployment and the EU plus case, several scenarios are contrasted. The range of certificate prices in non-EU countries for the EU only case is also shown (shaded area). The low ambition policy variant for Turkey displays a similar pattern in its resulting certificate price but at an overall lower level in the EU plus case. If North Africa experiences delays in deployment of PV and wind, the second sensitivity variant analysed, the certificate price remains at a constantly higher level compared to the EU plus case after 2025. Figure 8 depicts the certificate prices at EU level in the years 2030 and 2040 respectively to show exact values under the different scenarios. One can observe that the price level is far below the level that would occur if the EU28 Member States only cooperated amongst themselves (EU only). This difference remains at more than 10 €/MWh annually throughout the complete two decades, in comparison to the cooperation case. Whereas in any scenario, prices continuously fall for the EU28 Member States, the range for the other countries of interest shows a more diverse pattern. For some countries, the certificate price is expected to spike in 2025. A strong increase is also visible up to 2035, such that a range between 8 and roughly 49 €/MWh is possible in 2040.
To give an insight into the economic impacts of these certificate prices, it is interesting to calculate absolute savings that would result for the EU28. Multiplying 
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national generation by the difference in certificate prices yields overall savings for the EU 28 member states that can be achieved through RES cooperation:
Overall savings can be quantified as follows for the medium-term period (2021) (2022) (2023) (2024) (2025) (2026) (2027) (2028) (2029) (2030) and are shown in detail in Figure 9 . A strong target and EU plus scenario has e.g. 26.8 per cent lower costs, compared to the EU only scenario. In the sensitivity variant that assumes low ambition for RES deployment in Turkey, the average savings are lower in absolute terms but amount to an even higher share of 36.9 per cent savings in relative terms. In the second sensitivity variant, that assumes delayed instalments of PV and wind in North Africa, 25 per cent savings are possible for the EU28 on average. In the period up to 2040, a less ambitious domestic target for RES deployment in Turkey leads to annual average savings increases to 54.6 per cent (compared to EU only). In the second sensitivity case, i.e. CSP expansion in North Africa, 27.4 per cent of costs can be saved, amounting to 8.5 billion € per year on average.
Discussion
Cooperation in renewables, especially in renewable electricity can be beneficial according to the results presented. The present study adds on to a line of research evaluating new strategies for achieving EU wide RES targets and sheds light on the techno-economic potential of renewables deployment in partner regions of the EU and on the resulting cooperation potential. The results are in favour of increasing cooperation in RES, which would not only help the EU or certain Member States in fulfilling their RES targets more cost-effectively but which could also strengthen the interconnections with other countries and thus improve supply security and increase convergence of electricity markets if implemented correctly. Notes: Sensitivities shown for the moderate RES target case; all scenarios assume full RES cooperation between the EU and its neighbours The results presented in this study broaden the scope of the existing literature on export and cooperation potentials in RES, which so far focused almost exclusively on the MENA region as a cooperation partner for Europe. The comparison with the literature should provide some interesting insights on the robustness of our modelling outcomes -primarily concerning the cooperation potential with North Africa but also for the integrated assessment of a full cooperation scenario in general. Furthermore, we compare the results of our integrated assessment with the country specific bottom-up perspective. The analysis is thus underpinned with results from a different perspective which adds to the robustness of the outcomes.
As presented, the bottom-up results span a huge bandwidth for RES-E potentials in the analysed countries. The different paths that resulted from the integrated assessment are within this bandwidth, but among the higher value scenarios. The first case region analysed, North Africa, has a vast potential to develop RES-E. Nevertheless, the variety of scenarios and levels of RES-E deployment assessed by different studies show that the actual developments are dependent on a variety of factors. External factors as political uncertainty as well as the decision on a technology path (a CSP dominated solution or a more balanced deployment of different technology options) strongly influence the projected development of RES-E in the region.
For Turkey, the bottom-up assessment predicted minimum values that were lower for overall RES deployment, whereas the maximum possible values were more or less aligned with those of the integrated assessment. In summary, the different assessments did not contradict one another and thus provide robustness to the finding that substantial RES-E potential exists in Turkey and that export of renewable electricity to EU28 Member States is feasible and beneficial. For the future RES deployment in Turkey, political decisions are crucial. Whether or not Turkey's domestic RES potentials will be developed depends largely on the decision if Turkey will become a member of the EU or the EC. A membership would induce Turkey to align its goals on renewables development. If no accession takes place, it can be expected that RES deployment will not be high on the political agenda in Turkey. However the amount of RES-E generation that appears feasible being exploited in the given timeframe could then be mainly used for exports to the EU28 Member States, as it would not be needed domestically to fulfil any kind of target.
In the Western Balkan case, the maximum feasible RES deployment projected by the bottom-up analysis exceeds the maximum values of the integrated assessment. Nevertheless, the development path and the range of the different scenarios both predict similar increases up to 2040. The combination of results depicts a consistent and encouraging picture for RES deployment in the region. As all Western Balkan countries are already in different stages of accession to the EC, politically, the situation in this region seems to be the most predictable. Nevertheless, a lot of steps have to be undertaken to actually enable the development of the assessed levels of RES deployment and the according cooperation.
Aside from discussing the robustness of our scenario results, practical implications for RES cooperation with the respective countries analysed are necessary to assess actual feasibility of the levels of RES deployment and the corresponding export potentials described above. As explained beforehand, for the short-and midterm perspective, the Western Balkans seems to be the most suitable cooperation partner. This is due to their level of accession to the Energy Community as well as the policies
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RES cooperation that are in place for RES deployment. As grid interconnections are still lacking, this cooperation is likely to take place virtually. This means statistical transfers are imaginable (but currently not legally feasible) to aid EU Member States in achieving their RES targets for 2020 and beyond. Furthermore, some countries in the region have concrete plans of integrating the cooperation mechanism into their national renewable action plans. Bilateral talks are taking place to initiate joint projects and concrete plans for grid extension and increased RES deployment exist for the period up to and beyond 2020 (Andreas Türk, 2015) . Thus, from a practical perspective cooperation seems feasible and beneficial in the near future.
Considering Turkey, there are still more barriers to be mitigated. RES deployment is currently not moving very fast, as Turkish policy does not encourage construction by setting binding targets. Furthermore, licensing procedures and bureaucracy are substantial impediments towards joint projects under the cooperation mechanism. If these non-economic barriers were mitigated, onshore wind would be the most promising RE technology for cooperation between the EU and Turkey. As presented in the results section and due to political uncertainties, joint projects with Turkey present a rather long-term option for EU28 Member States. In the short term, depending on the target assumed domestically as well as at EU level, Turkey could even become a net importer of RES-E (Ortner et al., 2015) . As the political situation in Turkey is currently not predictable -new elections are due in November of 2015 -it remains to be seen whether political barriers will be a future problem or if they are likely to be mitigated.
The case of the North African countries considered is also subject to some uncertainties. There is quite some heterogeneity among the countries, e.g. Morocco exhibits clear perspectives and a secure investment environment in comparison to other countries where the situation is less predictable. Overall, the case for RES deployment has to be made in the respective countries and the legal environment strengthened to enable beneficial cooperation with the EU. Hence, as in the case of Turkey, North Africa seems more valuable as a cooperation partner in the mid-to long-term perspective. This observation can be confirmed by the results of the integrated assessment described beforehand (Trieb, 2015) . This overview on policies and current non-economic impediments of RES deployment is of course not exhaustive. As has been seen in recent developments, some North African countries have been more prone to terrorism. As discussed by Komendantova et al. (2012) , this "force majeure" barrier has been named by stakeholders as an impediment to engage in cooperation. To receive in-depth information on the respective regions, please refer to the other articles in this special issue.
Furthermore, from the EU Member State perspective, barriers that could occur are that the idea of statistically importing RES electricity [7] could be opposed by the population, as benefits from generating RES electricity at home as CO 2 avoidance or job creation occur in a third country. At the same time, impediments to physical transfers could be investments into the grid infrastructure that are currently not affordable due to increased government expenditures in EU28 Member States -not least due to the aftermath of the Financial Crisis and the current Greek Crisis. In terms of supply security, as discussed beforehand, uncertainty as to whether politically fractious regions will always deliver the agreed amounts of electricity is also an issue. At the same time, nevertheless, one can argue that extending the grid and integrating a large geographical region in terms of electricity distribution also diversifies risks. IJESM 10,3
Furthermore, given a larger geographical spread, variable RES are likely to produce at a more constant level as differences in weather (solar irradiation and wind) can be balanced.
Conclusions
The results discussed above show what can be expected from cooperation in the short and longer term. Overall, increasing RES deployment in the three analysed regions and initiating or intensifying cooperation with EU28 Member States leads to mutual benefits. Concretely, these benefits become apparent by EU Member States importing RES-E with a good resource quality and adding it to their targets for RES deployment. At the same time, substantial savings occur for the EU, manifested in significantly lower support for renewables being required (exemplified by the decline in certificate prices under full RES cooperation). The EU's cooperation partners can also benefit in various ways, not least through technology transfer and increased domestic RES deployment with concomitant beneficial effects for the climate and local economy.
In conclusion, the results show clear benefits and a substantial export potential of RES in the assessed country/region cases. At the same time, political, regulatory and technological barriers have to be mitigated and awareness for the advantages of RES created in the respective regions. Current political developments increase problems in implementing cooperation between the EU and some of the discussed regions. Nevertheless, these barriers are not unsurmountable. Concrete measures to increase political feasibility are coordination of renewables projects and implementation or strengthening of regulatory agencies (El Gharras et al., 2013) . Furthermore, facilitating regulations on deployment (i.e. one-stop shop) and speeding up the process of project implementation are measures to overcome existing barriers (Ortner et al., 2015) . On the contrary: implementing cooperation between the assessed regions and the EU28 Member States will aid in mitigating these barriers, but it requires concerted action from both sides to make large-scale cooperation in RES work.
Notes
1. The BETTER project is a collaborative action of several European research institutions, policy consultants and public institutions assessing the prospects for RES cooperation between the EU and its neighbours. This initiative could be established thanks to the financial and intellectual support offered by the IEE Programme of the EC, operated by the Executive Agency for Small and Medium Enterprises. For more details on the BETTER project, see www.better-project.net 2. The PRIMES model is a comprehensive modelling system that simulates a market equilibrium solution for energy supply and demand within the EU and its Member States, respectively (European Commission for Energy, 2013).
3. Please note that for assessed North African countries (i.e. Algeria, Egypt, Libya, Morocco and Tunisia) also the modelling is constrained to the electricity sector due to data availability. This coincides well with real-world limitations of RES cooperation between the EU and North Africa, where only electricity exchange may represent a viable opportunity in practice.
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4. Physical trade means that electricity has to be physically exported across country borders.
Physical trade is a necessity required by the EU cooperation mechanism when trade takes place between the EU and third countries. Furthermore, in the long-term physical trade is a safeguard measure to ensure sufficient actual supply of electricity for the EU28 member states.
5. Virtual exchange means that one country's electricity generated from renewable sources is counted to another country's RES target but is only transferred statistically. The electricity actually remains in the country where it was generated. This way, countries that have excess generation of RES can transfer part of their share to other countries that are struggling to meet their targets.
6. The utilisation of direct HVDC line links between CSP plants in North Africa and centres of Europe in comparison to expanding the conventional grid with alternating current (and partly HVDC) lines depends on what one wants to get out of the cooperation. Both expansion plans come with certain benefits and disadvantages. Proponents of the CSP/ HVDC expansion plans outline future price decreases and long-term sustainability of this solution. Even though it is not the most economic case from the current perspective, it is an interesting scenario to be considered alongside the main assessments provided.
7. Virtual imports are assumed to be feasible in RES cooperation between and within the EU and the Energy Community, whereas for imports from North African countries under all assessed cases, physical exchange is preconditioned.
